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Design and Calculation of Automatic Sprinkler System Using Matlab
WANG Yuan-fei, XU Qiang, ZENG Chao, YANG Lin, CHEN Xing
(China Southwest Architectural Design and Research Institute Co. Ltd., Chengdu 610041, China)

Abstract: The hydraulic calculation process for determining the spray intensity at sprinkler heads
and the pressure within the distribution mains in the effective area of an automatic sprinkler system is
highly complex. While conventional manual calculation methods may enhance computational efficiency
through techniques such as equivalent substitution, they often result in inaccuracies or deviations in the
final results. The hydraulic calculation method based on Matlab, referred to as the M—point-by-point
calculation method, enabled automatic and precise computation of the total system flow rate and the
pressure at the starting node, using the sprinkler head working pressure at the most hydraulically
unfavorable point as input. By leveraging Matlabh’ s built-in numerical computing capabilities, the method
efficiently addressed iterative calculations and nonlinear equation solving tasks inherent in the hydraulic
calculation process. In comparison with conventional hydraulic calculation approaches, this method
reduced errors in pressure and flow rate by approximately 2.53% and 0.70%, respectively. The hydraulic
calculation results using the Hazen—Williams formula under varying C, coefficients were analyzed, and
the significance of differentiating C, coefficient selection based on actual projects was explored. The
equations for head loss per unit length along the pipeline specified in current standards were compared to
establish a computational framework that enables the application of Darcy—Weisbach formula in the

design and hydraulic calculation of automatic sprinkler systems. A comprehensive analysis of hydraulic
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characteristics and economic benefit was conducted to optimize the piping configuration of distributing
branches, and a practical methodology for optimizing pipe diameters of non-terminal distributing branches
were proposed.

Key words:  automatic sprinkler system;  Matlab programming;  hydraulic calculation;

iterative calculation; nonlinear equation; point-by-point calculation method

1 ARBE= FIEITE NG, mm; g, W BT E , L/min; C, N
H Bl K K K R G (RIFR H B RS0 ) &% NN TR — B AR B, HOA A T RURE R B ) e, A
Bi gk RG R BB ARGy, AT T WA — 120,

PSRRI IR TR A B el R WSk U bk ST R AR R LR

T CH MK Kk & 48 it B ) (GB 50084— g.= K J10P, (2)
2017, TR AR CIERL) ) 19 1 155 2 GE /K i R e H =il (3)
SO M LA ARATERR A5 2R, IH AR S U 2 Sl g S B Lmins K W i 2

K Z Rl B izt Bt B AT Ttk &
/NBHUCR F EXCEL &I REVEA 715, A RUBRAK T
SERMERE (I AN 0 S AR A K S B R g A K T
TRE LR, B S5 R Im A . BB AR B
EPANET J FluidFlow 55 Bk 844 % 3 Wt R G itk 17
AR —E R LIRS TIERCR, SRmiK
AR 2R S B e TS i B A
JEE S5 R 7K B SR 0 SR I T AR B 34 e g
TERAE S, 56 Tz it B g R 5 AT
(BEHIMFAE—E A BMELLF B IE . BT X ik
5] B, 26 %% % J& R JT Matlab #E 47 B8 & 48K J13t

P Wik TAEIJ7, MPas H 8 8 i K Sk 2k
kPas; L oA E K S5 SR KR Z A, m,
% W AR R i i T A B AN 1R

FE. Matlab 22— 80" 12 B TR 0FFE B TR ST P ey N
RGBS H 5 B OB TR RS e 1 ) S

W 2R K 3 v s B 1 A 2 R A B A B AEMREAREEHETR

S )R, DA Sk LRl AT SR 2R S B R e K Fig.1 Schematic of pipeline layout at the end of the
ZIMEAL sprinkler system

) 7}(7!]1_]_%;%;%%,% H 0 2R S8 5 K 1507 2k F LR R A

21 EF Matlab Hok it E 3k VT 7 R TRV 0 T4 T A K Sk 4

S R G o T Gy, O L S P A A v AT
REGMATEY 160 m, WEAEFAT 70% oty 1 - DRI L ARAUR A a5 e 2
BRI T S50 K80 WS FoRFIme kit T AAIRAAE B IR . ST Matlab (97K
JETH0. 090 MPa Lkt 4 R mi AR B (R T ansse A ITSIr ik GRS M- T3 i) 2 — FioR g 7

A 7.8 L/(min-m?). AT Bt L R TR AT A D0 Ak DUAR e 4
AR TR , 45 30 By K B R Sk B T ok AR B R BRI Bk RO TR A AR
P g A 2 R R i 2% AR 7 Ak B A 2 Ty R DA 3 e ST A K Sk R
: q," ; KR, ] o 308 3o 7 P 70 0 50 RS R GE Y H B Ak
i=6.05—~t——x10 (1) X
ChlASde 4.87 T_Fﬁo
s i A B SRR kPa/m; d oK M-Z T R AR AN 8 2 s

« 87 -



R DA S5E R, R
KBS A 1Py

|

ek 3 ek IR Rl K 52

B Sk A IE TR JIAH , MPas P, A e 017 5 A T )
{H, MPa; P’ J i 1 i3l 5[5 1, MPa.

2.2 KAHBEERIIL

41K F20H ‘:P 2 K JIHF 7K www. cnww 1985, com
1.85
( K./ 10P5) 4
P+ 605W X 10% X (LL + Lp) +
__________________________ h j
| |
| TR TR 1 Py BOR S | Z.-P=0 (5)
BRI E 2 Z, TSRS . NS, o N
! T RRA A ! e L RS R 0. 8 m 1,0 DN25/15
l | AR SR 0. 2 m
N BT | K (5) WK T PII—ITCARL T, FI T Matlab
1 —T g A £ B T B M D AR A AT
% I TR o~ oty LA P I AT VSR AR S S A4S R T
K AR 3P | L -
a1 Pyt hepy PO | BCAN X TR R s B K SCAE, DAY SE 7 HOoR
. | RISk MR R R TR ) P A AR A K T
: ij’;i‘fﬁ;‘iﬁﬁfj Do oA B Y i S bR s R I P s
L L IRBRBAMAIENSE | R B T R S ST AR A TS S MR R S P,
e | ERT AR P MRS (6) AT P L
| R bACH ) GIE o T B Vs -
| Bt | EARIBTIELEIP P <P B HV 457 2
| | v N 3t 4 N
Q‘j; A ] V2Y FEL
| e ] | R RERRK I S R LV R, A
E | | k. RO
Ui
K [ s == | pr=p D (6)
% | P =Py X% 1Py Pyl <Pt ? : s sc P(’mﬂ)
Kol 1 . N XTI N I A
21 2 | A P o AR vtk U R T, MPas PY R
5" : i
| |
| |
| |
| |
| |
| |

b, R RGBS 1Py

M1 R Bk TR SE
IR YT K 35

< >

B2 M-ZRITEFRITETRE

Fig.2 Flow chart of M—point-by-point calculation method
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Tab.1 Calculation results of key node pressures and flow rates within the action area of the sprinkler system
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Fig.3 Key node pressures and flow rates within the action

area of the sprinkler system using different C, coefficients
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Tab.2 Calculation results of pipeline head loss within

the action area of the sprinkler system using different

C, coefficients
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Fig.4 Key node pressures and flow rates within the action
area of the sprinkler system using different hydraulic

calculation formulas
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Tab.4 Comprehensive calculation results based on different piping modes
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